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, REMARKS 

This application has been amended in a manner that is 
believed to place it in condition for allowance at the time of 
the next Official Action. 

i 

Claims 1-2 and 4-22 are pending in the application. 
Claims 1-2 and 4-12 have been amended to address formal matters. 
New claims 13-22 have been added. Support for claims 13-22 may 
be found in the original claims and generally throughout the 
specification . 

In the outstanding Official Action, the specification 
was objected to for allegedly containing trademarks. Pursuant to 

the Examiner's suggestion, the specification has been amended t so 

t i 

: l 

that trademarks are capitalized wherever they appear in the 
specification. In regards to the generic terminology, it lis 
believed that the trademarks that are present are already 
sufficiently described. For example, the specification indicates 
on page 3 that the recited trademarks are fluorescent molecules. 
Thus, it is respectfully requested that the objection be 
withdrawn . • 

Claims 3, 8 and 10 were objected to for allegedly 

containing, several informalities. Claims 3, 8 and 10 have been 

amended to address these informalities. Applicants thank the 

' i 
Examiner for his suggestions as how to overcome the objections in 

the specification and claims. 



i li 
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Claims 1-6 and 8-11 were rejected under 35 USC 112, 
second paragraph, for allegedly omitting essential steps. This 
rejection is respectfully traversed. 

Applicants believe that claims 1-6 and 8-11 already 
satisfied the requirements of 35 USC 112, second paragraph. 
Nevertheless, in the interest of advancing prosecution, t'he 
claims have been amended to recite a step which relates back to 
the preamble.. 

The claims have also been amended to recite active 

steps . 

Claim 3 has been cancelled. 

Claims 1-6 and 8-11 were rejected under 35 USC 112, 
first paragraph, for allegedly not satisfying the written 

description requirement. This rejection is respectfully 

; ! 
traversed.! 

i 

The Examiner is respectfully reminded that the inquiry 
into whether the description requirement is met must be 
determined on a case-by-case basis and is a question of fact. In 
re Wertheim, 541 F . 2d 257, 262, 191 USPQ 90, 96 (CCPA 1976) . 
Moreover, a description as filed is presumed to be adequate, 
unless or until sufficient evidence or reasoning to the contrary 

has been presented by the examiner to rebut the presumption. See, 

I 

e.g., In re Marzocchi, 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 

i ! 

1971) . The examiner, therefore, has the initial burden |of 
presenting : by a preponderance of evidence why a person skilled in 
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the art would not recognize in an applicant's disclosure .a 
description of the invention defined by the claims. In re 
Wertheim, 541 F . 2d 257,. 262, 191 USPQ 90, 96 (CCPA 1976). 

As the Official Action fails to provide any evidence or 
reason as to why the claimed invention does not support 
recitations to pre -cancerous lesions, it is respectfully 
submitted that the Patent Office fails to satisfy its burden in 
showing that the written description requirement is not 
satisfied/ j 

Nevertheless, applicants note that dependent claims 21 
and 22 have been added which recites that the method is a method 
for determining a presence of colorectal tumors, and wherein a 
total amount of amplicons higher than the reference value is 
indicative! of the presence of colorectal tumors in said patient. 

Thus, in view of the above, applicants respectfully 
request that the rejection be withdrawn. Moreover, applicants 
note that claim 21 particularly satisfies the written description 
requirement . 

Claims 1-2, 4-6, and 9-11 were rejected under 35 USC 
102(b) as allegedly being anticipated by SHUBER . This rejection 
is respectfully traversed. 

The method for disease detection/screening described by 
SHUBER is based on PCR amplification, gel electrophoresis 
analysis and ethidium bromide staining (see Example 1, page 20) . 

However, SHUBER fails to disclose or suggest the method that 

I 
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utilizes fluorescent molecules as detectable markers. 

i 

Accordingly, SHUBER fails to anticipate the claimed invention. 

In view of. the above, applicants respectfully request 
that the SHUBER rejection be withdrawn. 

Claim 3 was rejected under 35 USC 103(a) as allegedly 
being unpatentable over SHUBER and further in view of ' TIAN . 
Claim 8 was rejected under 35 USC 103(a) as allegedly being 
unpatentable over SHUBER in view of either KMIEC or in view of 
ALBERTS EN and BUCK. These rejections are respectfully traversed. 

It is respectfully submitted that the publications jof 

; I 

TIAN, KMIEC, ALBERTSEN, and BUCK fail to remedy the deficiencies 

of SHUBER for reference purposes . 

SHUBER discloses a method for disease 

detection/screening based on PCR amplification, gel 

electrophoresis analysis and ethidium bromide staining (Example 

1, page 20) . When applied to the diagnosis of colorectal tumors, 

however, ethidium bromide staining and subsequent quantification 

allow for a poor discrimination between healthy individuals and 

colorectal , cancer patients. In fact, gel staining does not permit 

! ! 
an accurate quantification of PCR amplificons and allows jto 

discriminate only among four groups: null, low, medium or high 

levels of PCR amplifications (see SHUBER' s article published in 

Gastroenterology 119:1219-1227, 2000, abstract enclosed). In 

this way, iall colorectal cancer patients with fecal DNA levels 

slightly higher than healthy individuals fall into the same class 

14 
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or group bf healthy individuals with a consequent incorrect 
attribution of a vast number of colorectal tumors and a low 
method sensitivity. 

Compared to the methods used by SHUBER, the improvement 

I | 
given by the claimed method is significant. As discussed in the 

enclosed paper, which was published in Neoplasia and authored 

inter alios by the current inventors, the "fluorescent method" 

according to the invention secures 76% sensitivity and 93% 

specificity at 25 ng cut-off (see Table 2) , whereas the "ethidium 

bromide method" taught by SHUBER secures 70% sensitivity and 79% 

specificity (Table 1) . The skilled person would not expect that 

using fluorescent labels to quantitate PCR-amplif ied DNA from 

stool samples would determine such a specif icity/sensit ivijty 

improvement in the screening for colorectal tumors. 

Furthermore, the specific sequences which are targeted 

by the method of the invention (p53 or APC genes) provide an 

additional inventive contribution to the claimed subject matter. 

In fact, only 44% sensitivity was recently reported for a 

quantitative method used to evaluate fecal DNA levels using Alu 

sequence (Cancer Epid Biom Prev, 15:1115-1119, 2006 , encl . 5;), 

i 

whereas the sensitivity obtained with the claimed method, which 

! 

is based on the amplification of p5 3 and APC gene fragments, 
results significantly higher (76%, see enclosed paper) . At the 
time of the invention, there was no hint at selecting the claimed 
sequences as PCR targets in order to improve the sensitivity of a 
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method foi: colorectal tumor detection based on quantitative 
analysis of DNA from a stool sample. 

None of the publications of TIAN, KMIEC , ALBERTSEN, or 
BUCK disclose or suggest a method for detecting the presence of 
colorectal tumors, wherein the total amount of amplicons higher 
than the reference value is indicative of the presence of a 
colorectal tumor in a subject. 

Thus, in view of the above, applicants respectfully 

i 
i 

request that the obviousness rejections be withdrawn. j 

At this time, applicants respectfully request an action 
on the merits for all of the claims in their full scope. 
Applicants maintain that the lack of unity determination is 
improper for the same reasons outline in the response of January 
22, 2007 and again ask that the Examiner withdraw the 
requirement . 

In view of the present amendment and foregoing remarks, 

therefore applicants believe that the present application is in 

: . i 

! 

condition for allowance at the time of the next Official action. 
Allowance and passage to issue on that basis is respectfully 
requested . 

Please charge the fee of $25 for one extra dependent 
claim added herewith to Deposit Account No. 25-0120. 
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The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG & THOMPSON j 

Philip Dubois, Reg . No . 50 , 696 
745 South 23 rd Street 
Arlington, VA 22202 
; Telephone (703) 521-2297 

Telefax (703) 685-0573 
(703) 979-4709 
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APP ENDIX : I ! 

The Appendix includes the following items: 

- copy ' of article by CALISTRI et al . , "Detection of 
Colorectal Cancer by a Quantitative Fluorescence 
Determination of DNA Amplification in Stool", Neoplasia, 
Vol. 6, No. 5, October, 2004, pp. 536-540; 

- copy jOf article by ZOU et al . , "A Sensitive Method to 
Quantjify Human Long DNA in Stool: Relevance to Colorectal 
Cancer Screening", Cancer Epidemiol. Biomarkers, Prev. 
2006; 15(6), June 2006; 

- copy ! of article by AHLQUIST et al . , "Colorectal Cancer 
Screening by Detection of Altered Human DNA in Stool: 
Feasibility of a Mult itarget Assay Panel", 
www. .^astro journal . org/article/PIIS0 01650 85 00 8 9 52 68/abstirac 
t?browse volum... 
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Abstract 

dna amplification of exfoliated cells In stool repre- 
sents an Inexpensive and rapid test, but has only 50% 
to 60% sensitivity. A new quantitative method, called 
fluorescence long DNA, was developed and validated 
fn our laboratory on stool obtained from 86 patients 
with primary colorectal cancer and from 62 healthy 
Individuals. It consists of the amplification of stool 
DNA with fluorescence primers and the quantification 
of the amplification using a standard curve. Results are 
arbitrarily expressed In nanograms. The potential of the 
new method compared to the conventional approach 
was analyzed in a subgroup Of 94 individuals (56 
patients and 38 healthy volunteers). In the present 
series* DNA amplification analysis showed a specific- 
ity of 97% and a sensitivity of only 50%. Conversely, 
fluorescence DNA evaluation, using the best cutoff of 
25 ng, showed a sensitivity of about 76% and a spec- 
ificity of 93%. Similar sensitivity was observed regard- 
less of Dukes stage, tumor location, and size, thus 
also permitting the detection of early-stage tumors. 
The present study seems to Indicate that quantitative 
fluorescence DNA determination In stool successfully 
identifies colorectal cancer patients with a sensitivity 
comparable, if not superior! to that of multiple gene 
analysis but at a lower cost and In a shorter time. 
Neoplasia (2004) 6, 533-540 



Introduction 

In recent years, a great deal of information has been 
accumulated on the molecular alterations that take place 
during the development of tumors, such as gene mu- 
tations or genomic rearrangements, highlighting the possi- 
bility of detecting tumor alterations In biologic fluids and. 
consequently, indicating the use of these markers as a valid 
noninvasive diagnostic approach. 

A tumor that has been widely investigated with this 
approach is colorectal cancer, which Is one of the most 
common forms of cancer worldwide, with a clinical outcome 
varying considerably according to the type of lesion and 



stage of disease at diagnosis [1-3}. An early diagnosis is 
fundamental to reduce morbidity and mortality because a high 
percentage of patients diagnosed in the eariy stages of disease 
comprises long-term survivors [4]. Moreover, the possibility of 
detecting premslkjnant lesions makes this tumor an Ideal target 
for screening programs. However, although several screening 
methods are available, a high percentage of individuals does 
not participate in colorectal cancer screening programs. There 
are many reasons for this low compliance p such as a lack of 
knowledge of the benefits of available screening methods, 
especially colonoscopy, as well as the unpleasant and trouble- 
some procedures [5], 

Gene mutations in stool, especially K-ras [6—12] and, to a 
lesser extent, p53 [13], APC gene [14,15], and microsatellite 
Instability [16], have been repeatedly investigated. Results 
have shown the presence of these molecular alterations in 
stool in only a fraction of patients, due to the relatively low 
frequency of single marker alterations in colorectal cancer. 
Multiple mutations have been analyzed in parallel on the same 
stool sample, and this approach has led to Improved test 
sensitivity, but is expensive, time-consuming, and cannot eas- 
ily be applied to screening programs [17—21]. 

The diagnostic potential of DNA amplification of exfoliated 
cells In stool has recently been considered. Preliminary evi- 
dence [19-21] has shown that the semiquantitative evaluation 
of DNA amplification (long DNA, or L-DNA) of some DNA 
fragments longer than 200 bp detects more than 50% of 
colorectal cancers, with a very high specificity. 

In the present study, we aimed to discuss the results ob- 
tained from this inexpensive and rapid approach, both quanti- 
tative and objective, to increase its accuracy and thus permit 
a better discrimination between affected and nonaffected 
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Individuals. For this purpose, we assessed the diagnostic 
potential of a new DNA amplification method (fluorescence 
long DMA, or FL-DNA) on a series of patients and healthy 
donors. 



Patients and Methods 

Case Series 

Stool samples from 66 patients with primary colorectal 
cancer were collected In the Gastroenterology Unit and 
Department of Surgery I, Morgagni Hospital (Forll, Italy) 
and in the Departments of Oncology and General Surgery, 
Infermi Hospital (Rimini, ftaly). Stool samples were collected 
from 62 individuals who proved negative for cancer or benign 
lesions after colonoscopy, and from laboratory personnel. 
Stool samples were obtained at least 3 days after the 

* administration of laxative treatments in preparation for colo- 
noscopy to allow for the recovery of normal bowel function- 
ality, The fecaJ specimens were immediately frozen and 

. stored at -70°C for a maximum of 2 months. 

Cancer diagnosis was histologically confirmed and path- 
ological stage was defined according to Dukes classification: 
8 tumors were classified as stage A, 30 as stage B. 37 as 
stage C, and 9 as stage D, Moreover, 19 cancers were 
located in ascending colon, 30 In descending colon, 2 in 
transverse colon, and 95 In the. rectal tract Staging Informa- 
tion was not aveifable for only two cases. 

Of the 66 patients, 42 were male and 44 were female, and 
median age was 72 years (range 36-90 years). Of the 62 
controls, 29 were male and 33 were female, and median age 
was 51 years (range 21 -87 years). 

DNA Purification 

Approximately 4 g of stool was thawed at room temper- 
ature. DNA was extracted after a 15-minute homogenbatiori 
With 16 ml of TE-9 buffer pH 9 (0.5 M Tris-HCI, 20 mM 
EDTA, and 10 mM Nad) by ULTRA-Turrax T25 (Janke 
and Kunkei GmbH and Co. KG IKA-Laoortechnik, Staufen. 
Germany). After centrifugaMon at 5000pfor 15 mhutes, the 
supernatant was transferred to a tube containing 5 ml of 
7.5 M ammonium acetate (M-Medical, Florence, Italy) and 
30 ml of 100% ethanol (Carlo Erba, Milan, Italy), DNA was 
recovered by centrifugatton at 50000 for 15 minutes at room 
temperature. Stool samples were suspended in 1.6 ml of 
ASL buffer and DNA was extracted using the QIAamp DNA 
Stool Kit (QlAQEN, Widen. Germany). 

LrDNA Analysis 

p53 exons 5 to 8 and fragments 1 to 4 of APCexon 15 
were amplified In a final volume of 25 nl containing 2 ni of 
DNA from stool. 0.4 pM of each primer. 200 pM deoxynu- 
cfeoUde triphosphates, 1 x reaction buffer with 3,5 mM 
MgCfe, and 1 U of Taq polymerase (QJAGEN). The reaction 
mixture was subjected to 36 polymerase chain reaction 
(PCR) cycles: 60 seconds at 94'C, 60 seconds at 58*0, 
and 60 seconds at 72*C. Primer sequences without fluores^ 
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cence-labeted & ends have been described previously. Get 
electrophoresis was performed by running 5 ^ of PCR 
reaction in 2% agarose gel. In parallel. 5 pi of K-ras PCR 
product and a control piasmld were used to verify the 
presence of Taq inhibltors^nfecaJONA samples. The relative 
amplication Intensities of pS3 exons 5 to 6 and fragments 
1 to 4 of APC were analyzed independently by two operators 
and classified as high, medium, low, or not detectable. An 
interobserver concordance was observed in an cases. 

This semiquantitative L-DNA analysis was performed in 
parallel with the quantitative FL-DNA approach in 94 Individ- 
uals (56 patients and 3B healthy volunteers) recruited during 
the first period of the study. 



FL-DNA Analysis 

Ampliations of exons 5 to 8 of pS3 and fragments 1 to 4 
of APC exon 15 were carried out on 2 pi of DNA from stool 
in a total volume of 25 jd containing 0.4 yJM of each primer, 
200 pM deoxynucleotide triphosphates, 1 x reaction buffer 
with &5 mM MgCfe, and 1 U of Taq polymerase (QIAGEN). 
The reaction mixture was subjected to 32 cycles: 60 seconds 
at 94*C and then 60 seconds at 60*C for p53 exons, 
and 58 a C for APC fragments, followed by incubation at 
72*C for 60 seconds. 

The p53 exons were amplified simultaneously In a single 
reaction mixture and the four APC fragments were am- 
plified ft two different mixes (mix 1; fragments 1 and 2; 
mix 2; fragments 3 and 4). For this purpose, primers used 
for L-DNA analysis and those previously described p1] 
were end-labeled with fluorochromes provided by Applied 
Biosystems (Foster City, CA). 

Electrophoresis was carried out using a 3100 Avant 
Genetic Analyzer (AppUed Biosystems) equipped with Gen* 
eScan Analysis 3.7. 

FL-DNA was performed by analyzing the fluorescence 
intensity of each sampfe^speciftc PCR product The quanti- 
fication of each sample was calculated by reference to a 
standard curve (1,2, 5. 10, and 20 ng) of genomic DNA and 
expressed as nanograms. To verify the presence or absence 
of Taq Inhibitors, amplification was performed on aJt samples 
with a mix containing 2 id of DNA extracted from etooi and 
25 ag of a plasmid with a control sequence. All determina- 
tions were performed In duplicate and repeated in about 
20% of samples in which the variation was >20%. 



Statistical Analysis 

FL-DNA concentrations were considered as a continuous 
variable. The most accurate cutoff values to discriminate 
between healthy donors and patients were calculated using 
the receiver operating * characteristic (ROC) curve. In the 
ROC curves, sensitivity (true positive rate) was plotted 
against 1 -specificity (false-positive rate) for ail classification 
points. 

Sensitivity, specificity, and relative 95% confidence inter- 
val (95% CI) were calculated for the most discriminant cutoff 
values, 
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Table 1 . Senslttvtty and Specffltfly of L-DNA Analyst. 
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Results 

DNA amplification levels were evaluated by the semiquanti- 
tative L-DNA method on stool samples from a series of 56 
patients with primary colorectal cancer and 38 healthy Indi- 
viduals. DNA levels were expressed as the number of high 
amplifications (i.e., as a discrete variable). A different distri- 
bution was observed in affected and unaffected Individuals 
(Table 1). In particular, 79% (30 of 38) of healthy donors 
showed no amplification, whereas at least one amplification 
was observed in about 70% (39 of 56) of patients. The 
analysis of the accuracy of this approach using different 
' cutoffs (Table 1) showed a very high specificity ranging from 
79% to 100%. Conversely, sensitivity was very poor and did 
not exceed 70% at any cutoff value. 

Amplification levels of fecal DNA were analyzed by the 
quantitative FL-DNA method in the overall series and 
expressed as a continuous variable (Figure 1). Only one 



stool sample from patients and three from healthy donors 
were not evaluable due to the presence of Taq inhibitors. 

Fluorescence signals ranged from 0 to 283 ng (median, 
47 ng) In patient stool and from 0 to 87 ng (median. 4 ng) In 
healthy donor stool. No differences in median values were 
observed with respect to age of patients and the size, site, 
and stage of tumor 

When the results from the two approaches were com- 
pared, a direct relation was observed, but with a wide 
variability of FL-DNA levels within the subgroups defined 
according to the number of L-DNA high amplifications, 
Moreover, fluorescence by FL-DNA method was detected 
in 33 of 47 individuals who did not show any high amplifica- 
tion by L-DNA assay. These results are dearly indicative of a 
higher sensitivity of the fluorescence method than of the 
conventional approach. 

The ROC curve analysis of FL-DNA levels (Figure 2) 
shows a good diagnostic accuracy of this approach. In 
particular, very high specificity ranging from 63% to 95% 
and high sensitivity ranging from 82% to 72% were observed 
for the most discriminant cutoffs of 15, 20, 25, and 30 ng of 
DNA (Table 2). When the cutoff of 25 ng, which provides the 
best overall accuracy, was analyzed in relation to the differ- 
ent tumor characteristics, sensitivity remained high in 
patients with small tumors (70%) compared to large tumors 
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Figure 1« p53 analysis forFL-QNA quantification. (A) Amplification of scalar concanlmtfonf) of genomic DNA using the same primers end cvndfttonB of stool sample 
determination, (B) The area values under the efectrophongfam peaks are plotted In a ca&rution curve. (C) pS3 etectrvphewgrnme of sU stool samples. The 
amount of amplified DNA from IndMdual samples is quantmed on the bean of the caflbmtton cwvav 
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Table 3. SottilK/ily* as a Function of Different Characteristics m Colorectal 
Cancer. 



0,4 0,6 
1 specificity 



Fig lira 2. ROC cwv§ of FL-ONA analysis for the overall series of stool 
i anrf tut&lthy donors. 



(62%) and was similar for the different Dukes stage tumors 
(Table 3). More importantly, a similar sensitivity was ob- 
, served in detecting tumors localized in ascending and 
descending colon tracts. 

Discussion 

The possibility of performing population-based screening for 
colorectal cancer as well as for all tumor types Is dependent 
on several factors such as complexity, time and cost, acces- 
sibility, and acceptability of screening methods. 

Although several screening methods are currently avail- 
able and have proven effective in reducing colorectal cancer 
mortality [22-27], a large-scale screening program compa- 
rable to those used for breast or prostate cancer does not 
exfsL There are many reasons for this — the main one being 
the uncertainty of the best strategy to adopt [fecal occult 
Mood test (FOBT), FOBT plus sigmoidoscopy, and so on]. 
Moreover, the real cost benefits of each method, considering 
the large number of endoscopic or radiologic procedures 
required for large-scale colorectal cancer screening, have 
not been determined [28-31]. Another Important reason Is 
that, for certain Individuals, some of these techniques are not 
easily accepted, further reducing the compliance of the 
screening program itself [32]. 

A diagnostic approach that is less invasive, more accu- 
rate, and optimized In terms of time arid cost is undoubtedly 
warranted. An important prospect is the analysis of molecu- 
lar alterations detectable in human DNA extracted from stool. 
Many authors have Investigated this area by analyzing a 
single molecular target or a combination of different molec- 
ular targets 16-2?]. An Interesting target that has recently 
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■Cutofl value is 23 ng. 

been evaluated Is the level of DNA amplification (L-DNA), 
which appears to be related to me presence and number of 
tumor cetis In stool specimens. Only three studies to date 
have evaluated this marker In combination with some spe- 
cific gene alterations using a semiquantitative method of 
analysis [19-21 J. Their results show a good specificity and 
a relatively low sensitivity of this approach — the latter pos- 
sibly due to the lack of an objective and quantitative evalu- 
ation, which compromises accurate discrimination between 
affected and nonaff acted incSvi duals, or to the insufficient 
sensitivity of the method. 

In an attempt to improve the diagnostic accuracy of DNA 
amplification in exfoliated cells from stool, we set up and 
used an approach based on the evaluation of DNA amplifi- 
cation by a fluorescence method (FL-DNA)> The results 
showed that this approach has a sensitivity comparable, if 
not superior, to that of multiple gene analysis, but ts less 
expensive and less time-consuming. This sensitivity also 
made it possible to detect small, low-grade, and early-stage 
tumors. Moreover, unlike the fecal analysis of BAT26 insta- 
bility or K-ms alterations, the determination of DNA amplifi- 
cation is able to detect tumors In all colon sites [16,33]. 

These unique features make this molecular marker an 
interesting tool for colorectal tumor diagnosis as it is char- 
acterized by all the benefits of other molecular analyses, 
such as noninvash/eness, simplicity, high compliance, rea- 
sonable costs, and time-efficient procedures. 

Furthermore, this method could be improved and simpli- 
fied by using alternative quantification systems such as 
chemolumlnescence. spectrofluorimetry, real-time PCR, 
and so on, with the aim of developing kits that can be more 
easily utilized in all laboratories. 



Table 2. Sensitivity and Specificity of FL-DNA Analysfe. 



DNA Levels 
Cutoff (ng) 


Heahhy Doners 


Negative 


Patients 

Positive 


Negative 


SenfiifMty (%) 


95% CI 


Spedflclty (%) 


95* CI 


15 


10 


40 


70 


15 


02 


(74-90) 


83 


(73-93) 


20 


7 


52 


70 


15 


62 


(74-90) 


60 


(60-66) 


25 
90 


4 


55 


66 


20 


76 


(67-86) 


93 


(88-100) 


3 


56 


61 


24 


72 


(62-82) 


95 


(89-100) 
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A more exhaustive study, (ncJudrng adenomas and benign 
polyps, is needed to verify the real sensitfvtty and specificity 
of this method. However, these original preliminary results 
would seem to indicate the validity of this test and its 
potential usefulness In screening programs or In monitoring 
members of families at risk for colorectal cancer. 
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Abstract 

Human long DNA in stool may reflect nonapoptotic exfoli- 
ation and has been used as a colorectal cancer (CRO marker. 
Targeting human-spedflc AJu repeals represents a logical but 
untested approach. A real-time AJu PGR assay was developed 
for quantifying long human DNA in stool and evaluated in 
this study* Hie accuracy and repiodiidbility of this assay and 
the stability of long DNA during room temperature fecal 
storage were assessed using selected patient stools and stools 
added to human DNA Thereafter, long DNA. levels were 
determined in bunded fashion from IB CRC patients and 20 
colonoscopicaDy normal controls. Reproducibility of real-time 
Atu FCR for quantifying fecal long DNA was high if 2 = 0.99; 
P < QM). Long DNA levels in nonbuffered stools stored at 



Introduction 

Colorectal cancer (CRC) is the second leading cause of cancer- 
related death in the United States (1). Although CRC mortality 
is preventable if neoplasms can be detected at curable stage (2), 
only a minority of the population undergoes regular screening 
(3). Except for fecal occult blood testing, screening tools 
endorsed by the American Cancer Society are invasive and 
expensive (4). 

The emergence of molecular stool testing provides a 
possible user-friendly alternative to conventional methods of 
CRC screening. A variety of DNA markers have been detected 
m the stools (5), including mutations of oncogenes (6) and 
tumor suppressor genes (7), rrucrosatellite instability (8), and 
DNA methylahon (9, 10). Owing to the continuous exfoliation 
of nonapoptotic neoplastic cells, long DNA occurs more 
abundantly in CRC stools than normal ones and serves as a 
candidate screening marker (11, 12). Monocytes shed from 
normal epithelium undergo apoptosis, and their DNA is 
J^*™ down by endonucleases into fragments shorter than 
200 bp (12). However, there seems to be an escape from 
such apoptosis in exfoliated dysplastic cells, which results in 
long DNA sequences in stool that can be used for cancer 
detection (12). 

Present methods for detecting long DNA use assay of 
multiple-specific target sequences on different genes (12, 13). 
Assay of Atu sequences represents a potentially simple 
approach to measure human long DNA in stool. AIu 
sequences embody the largest family of middle repetitive 
DNA sequences in the human genome. An estimated half 
million Alu copies are present per haploid human genome 
(14). Because Alu sequences are so abundantly distributed 
throughout the genome and specific to the genomes of 
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room temperature feD a median of 75% by 1 day and 81% by 3 
days. An EDTA buffer preserved DNA integrity during such 
storage, Human long DNA was quantifiable in all stools but 
was significantly higher in stools from CRC patients than 
from normal controls (P < 0,05). At a specificity of 100% the 
sensitivity ^of long DNA for CRC was 44%. Results indicate 
mat realtime Ahi PGR is a Simple method to sensitively 
l^J^fy l°ng human DNA in stool. This study shows that not 
all CRCs are associated with increased fecal levels of long 
DNA Long DNA degrades with fecal storage, and measures 
to stabilize this anafyte must be considered for optimal 
^^J^^^f** 1 (Cancer Epidemiol Biomarkers Prev 
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primates (14), an assay mat amplifies DNA sequences longer 
than 200 bp within these 300-bp repeats should provide a 
genome-wide approach to quantify human long DNA in stooL 
Ahilmsed assays have been used to quantify human tumor 
xenograft burden in murine (IS) or chicken embryo models 

(16) as well as integrated HIV-1 DNA in infected HeLa cells 

(17) but have not been applied to stooL 

This study was designed to (a) validate a real-time Atu PCR 
assay for quantifying human long DNA in stool (b) evaluate 
the stability of long DNA in stool stored at room temperature 
and the effectiveness of an EDTA buffer for stabilizing DNA 
integrity, and (c) explore the feasibility of fecal long DNA 
quantification for CRC saeening. 

Materials and Methods 

The study was approved by the Mayo Clinic Institutional 
Review Board. 

Stool DNA Extraction. Total DNA was extracted from stool 
samples with QIAamp DNA Stool Mini kit (Qiagen, Valencia, 
CA). Stool (2 g) was homogenized in 20 mL buffer ASL, and 
stool slurry (2 mL) was then used to extract total DNA 
tallowing the instruction of the manufacturer. DNA was 
finally eluted in 100 uL buffer AE. 

Real-time Alu FCR. The Atu sequence consists of 
conserved regions and variable regions. In the putative 
consensus Alu sequence, the conserved regions are the 25-bp 
span between nucleotide positions 23 and 47 and 16-bp span 
between nucleotide positions 245 and 260 (14). Although 
primers may be designed in any part of the Alu sequences for 
more effectively amplifying Alu sequences, the PCR primers 
should completely or partially (at least the 3 -region^ of the 
pnmers) locate in the conserved regions. Primers specific for 
sequences [sense (S'-ACGCCTGTAATCC- 
^SS^ T iT 3 ^ and antisense (5"-TCGCCCAGGCTG- 
GAGTGCA^)] were used to amplify sequences -245 bp 
inside Alu repeats (Kg. 1; ref. 16). Stool DNA was diluted 15 
wj^ lx Tris-EDTA buffer (pH 73) for PCR amplification. Tris- 
EDTA bufrer-djluted stool DNA (1 uL) was amplified in a 
total volume of 25 uL containing, 1 x iQ SYBR Green Supennbc 
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PCR Product (246 bp) 
Alu (about 300 bp) 



Inter-A/i/ sequenced 



PCR Product (245 bp) 



Alu (about 300 bp) 



Figure L The design of Hie real-time <4/u PCR, Primers with 3'-ends complementary to the conserved regions of consensus sequence were used 
to amplify products -245 bp inside Alu repeats. 



(Bio-Rad, Hercules, CA) y 200 nmol/L each primer under the 
following conditions: 95 "C for 3 minutes followed by 23 cycles 
of 95°C and 60°C fox 30 seconds and 72"C for 40 seconds. 
Standard curve was created for each plate by amplifying 10- 
fold serially diluted human genomic DNA samples (Novagen, 
Madison, WQ. Melting curve was made after each PCR to 
guarantee that only one product was amplified for all samples. 
Amplification was carried out in 96-weU plates in an iCycler 
(Bio-Rad). Each plate consisted of stool DNA samples and 
multiple positive and negative controls. Each assay was done 
in duplicate. 

Long DNA Stability Analysis. Five fresh stools from CRC 
patients were used to test the stability of human long DNA in 
stool stored at room temperature. Four aliquots (2 g each) from 
each of the five stools were stored at room temperature for 0, 1, 
3, and 8 days. Total stool DNA was extracted from each aliquot 
with QIAamp DNA Stool Mini kit as described above. Human 
long DNA in total stool DNA sample was quantified with real- 
time Alu PCR as described above. Long DNA levels in Stool 
aliquots extracted in days 1, 3, and B were divided by long 
DNA level in the stool aliquot extracted in day 0 for each stool 
sample to calculate the percentage of intact long DNA kept in 
the stool aliquots stored at room temperature for different 
durations. The median percentage of long DNA. kept at each 
time point for five stools was then calculated. 

Stabilizing Human DNA Integrity. Four fresh normal 
stools with added human genomic UNA were used to test 
the effectiveness of an EDTA-ba sed buffer for stabilizing DNA 
integrity in stools. Human genomic DNA (1 ug) was spiked 
into two aliquots (4 g each) of each stool, and then aliquots of 
each stool were homogenized with 40 mL of two different 
buffers, including buffer with 100 mmol/L EDTA [0.5 mol/L 
Tris, 10 mmol/L NaQ, 100 mmol/L EDTA (pH 7); tef- 18] and 
buffer with 16 mmol/L EDTA [05 mol/L Tris, 10 mmol/L 
NaQ, 16 mmol/L EDTA (pH 7)]. Homogenized stool slurry 
was stored at room temperature/ and 2 mL of it was used for 
stool DNA extraction at each of four different time points (day 
0 y tj 3, and 8). Total stool DNA was extracted from each aliquot 
with QIAamp DNA Stool Mini kit with some modifications. 
Human DNA in total stool DNA sample was quantified with 
real-time Alu PCR. The median percentage of human DNA 
kept at each time point was calculated. 

Clinical Pilot Study. A completely independent set of fresh 
6 tools from 18 CRC patients and from 20 colonoscopically 
normal individuals were analyzed in blinded fashion- The 



Table 1. 
subjects 



Demographic and clinical characteristics of 



Cancer Normal 


Number 

Sex (M/F) 

Mean age (y) 

Site (proximal/ distal) 

Median size, cm (range) 

Stage (Dukes AB/CD) 


18 
12/6 
62 
5/13 
3-5 (1-1-10-0) 
8/9» 


20 
11/9 
71 



demographic and dirucal characteristics of the CRC patients 
and controls are shown in Table 1. All stools were collected 
before colonoscopy or surgery. None of the CRC patients had 
undergone chemotherapy or radiotherapy before stool collec- 
tion. Any previous instrumentation had occurred >2 weeks 
before stool collection. A plastic bucket device was used to 
collect whole stool. Stools in sealed buckets were immediately 
transported to our laboratory, and total DNA was extracted 
from all stools within 4 hours from defecation, 

Statistical Analysis. For human long DNA levels obtained 
by real-time Alu PCR, the median for each group of stool 
»les was calculated, and Wllcoxon signed-rank test was 



to compare the human long DNA levels of different stool 
groups. Spearman's rank correlation was used to calculate the 
correlation coefficient of the reproducibility. Statistical tests 
were done using SA5 statistical software (SAS Institute, Inc./ 
Cary, NQ. All Ps were two sided. 

Results 

Validating Real-time Alu PCR Assay. To determine the 
dynamic range of the real-time Alu PCR, human genomic 




•Duke stage information was not available for a patient who did not have 



Figure % A Hainan genomic DNA samples, which had been serially 
diluted by 10-fold (lines 1> 2J5 ng; lines 2, 250 pg; lines 3 t 25 pg; 
lines 4. 2.5 pg; and lines 5, 250 £k), were amplified with real-time 
Alu PCR. water control, 2_5 ng of each genomic DNA from pig, 
bovine, and chicken, and 2.5 ng & coli genomic DNA were not 
amplified with real-time Alu PCR {lines 6). B. A standard curve was 
created with the log starting quantity and threshold cycle of the 
10-fold serially (hinted human genomic DNA i 
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Figure 3, A. Human genomic DNA (25 pg) added into 10 different 
Stool DNA samples was recovered by real-time Alu PGR. Recovery 
percentage (%) equals to human DNA amount recovered divided by 
human DNA amount added and men multiplied by 100. B. A stool 
DNA sample was 10-fold serially diluted, and human long DNA was 
men quantified using real-time Alu PGR. linear recovery of human 
long DNA in serially diluted stool DNA samples. 



DNA samples serially diluted over a 10-fold range (2L5 ng, 
250 pg, 25 pg, 2-5 pg, 250 tg, and 25 fg) were amplified with 
the real-time Alu PCR. Alu sequences were linearly detected 
from 250 fg up to Z5 ng human genomic DNA per PCR 
(Fig. 2A and B). 

To confirm the human specificity of the real-time Alu PCR, 
genomic DNA samples from pig, bovine, and chicken, which 
are three nonhuman species typically consumed in the diet, 



and Escherichia coli, a common bacterium in stool, were tested 
by this method. The Al«4>ased PCR assay was negative for all 
nonhuman mammalian DNA and E* coli DNA (Fig. 2A). 

Because stool contains PCR inhibitors (19), quantification 
could be ajfected by PCR mlubitorB. To check whether assay 
accuracy was affected by potential PGR inhibitors, 5G0 pg 
human genomic DNA (2 uL) was added into 10 different 
stool DNA samples (38 uL each), and mixed DNA (1 jiL), 
which contained 25 pg human genomic DNA, was then 
quantified with real-time Alu FCEL The mean recovery 
percentage of the added samples was 99.6% (range, 91.4- 
1073%; Fig. 3A). For further confirming mat PCR mhibitors 
did not affect the quantitative accuracy of the assay, one stool 
DNA sample from a GRC patient was 10-fold serially diluted 
and men quantified with real-time Alu PCR. Linear recovery 
of long DNA from these serially diluted stool DNA aliquote 
(r* = 0.997) confirmed the absence of interference by PCR 
inhibitors (Fig. 3B). 

The reprodudbflity of the real-time Alu PCR was studied in 
frozen stool samples from eight CRC patients and eight normal 
individuals. Human long DNA in these stool DMA samples 
was Quantified in duplicate. The human long DNA levels of 
duplicate runs correlated highly (r 2 = 0.99; P < 0X1; Pig. 4). 

Instability of Human Long DNA in Stools Stored at Room 
Temperature. Compared with stools tested on day 0, median 
long DNA levels in stools stored at room temperature for 1, 3, 
and 8 days after defecation fell 75%, 81%, and 89%, 
respectively (Fig, 5A). 

Prom four fresh normal stools added to human DNA and 
mixed with low concentration EDTA (16 mmol/L), recoveries 
of human DNA after room temperature-storage for 1, 3, and 
8 days were 65%, 19%, and 3%, respectively, compared with- 
day 0. However, for stool aliquots mixed in buffer with high - 
EDTA concentration (100 mmol/L), median recoveries of 
added human DNA were preserved at 121%, 118%, and 
100%, resT^ecnvely (Fig. 5B). 

Human long DNA Levels in CRC Stools and Normal- 
Controls- Human long DNA levels in 18 CRC and 20 normal 
fresh stools, which were collected immediately after defeca- 
tion, were quantified by real-time Alu PCR in blinded 
fashion. Human long DNA was detected in all 38 stool 
samples but was significantly higher in CRC stools (median, 
309 ng/g stool; range, 5-21,115) than in normal stools 
(median, 70 ng/g stool; range, 2-2,8705 P - 0.04; Fie;- 6). At 
a long DNA cutoff of 2,900 ng/g stool, sensitivity for CRC 
was 44% (8/18), and specificity was 100% (20/20). Median 
long DNA in five proximal CRC stools was 48 ng/g (range, 
10-506 ng/g) and in 13 distal CRC stools was 4264 ng/g 



Figure 4. Stool DNA samples from eight CRC and 
eight normal stools were quantified with real-time Ahi 
PCR. twice. The human long DNA levels from these 
two runs showed good reproducibility (r 2 = 0.99). 
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(range, 5-21415; P = 0.09). In this small series, tumor size did 
not significantly affect long DNA levels in stool. 

Discussion 

This report describes a new method to quantify human long 
DNA in stool using real-time PGR amplification of a 245-bp 
sequence within Alu repeats. The method is very sensitive 
with a dynamic range of 250% to 25 ng human genomic DNA, 
accurately detects human DNA added into stools, and yields 
highly reproducible results. Furthermore, this real-time Alu 
PGR method may have advantages of simplicity and speed 
compared with other approaches that describe use of multiple 
gene targets to assay long human DNA in stool (12, 13). 

With this validated new method, we found that human long 
DNA was present in all stools tested, but levels were 
significantly higher in stools from CRC patients than from 
normal individuals. When human long DNA in stool was 
used as a marker at a 100% specificity cutoff, about half of 
CRC patients could be detected, which is consistent with 
thfe performance of long DNA as a marker in earlier reports 
(11-13). The abundance of human long DNA in stools from 
CRC patients Hkery reflects the nonapoptotic exfoliation that 
occurs with CRC described by others (11-13). . 

In two recent mulHcenter studies (20, 21), human long DNA 
in stool was less informative man in earlier reports. This 
discrepancy seems to be due to degradation by bacterial 
DNAasea during prolonged preassay fecal storage mat 
occurred with mailed-in samples in these studies. Experimen- 
tal observations in the present study and by others (18) 
corroborate me instability of human long DNA during fecal 
storage* Such degradation can be prevented by mixing stools 
with buffers containing a DNAase inhibitor like EDTA (18) as 
was shown in the present study. If human long DNA is to be 
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Figure 5, A. Long DNA levels of CRC stools stored at room 
tempcratnre for 1, 3, and 8 days after defecation fell median 
percentages of 75%, 81%, and 89%, respectively. B. Buffers with 
1 00 mmol/L EDTA. and 16 tmnol/L EDTA showed different effects on 
preserving human DNA added in stools stored at room temperature. 
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Figure 6. Human long DNA levels of stools in the blinded pilot 
clinical study. O, stool sample. Solid horizontal bar. median ofhuman 
long DNA concentration within a group of subjects, 

used clinically as a fecal marker, men attention must be given 
to incorporating a DNAase inhibitor as part of specimen 
collection and processing. 

Human long DNA is jiot specific for CRC Preliminary 
reports suggest that human long DNA in stool may detect 
cancers in the upper gastrointestinal track as well (22). 
Inflammatory bowel disease has also been shown to be 
associated with elevated levels of human long DNA in stools 
(23). In contrast to normal epithelial cells, which undergo 
apoptasis (anoDds) when shed from their basement membrane 
attachment (24), inflammatory ceDs are anchorage indepen- 
dent and logically contribute to long DNA in stools. The 
disodrninant value of human long DNA measured by this 
method would need to be verified in a larger and more 
representative sample if it were to be considered for screening 
or other clinical applications. 

Real-time Alu PCR is a simple, rapid, and inexpensive 
method for quantifying human long DNA in stools. This 
method may have useful applications for research observa- 
tions and clinical testing. 

Acknowledgments 

We thank Tammy S. Neseth end Arm Kolb for collecting samples. 

References 

I. Jcmal A* Murray T, Ward E, et aL Cat*** statistics 2005. CA Cancer 1 din 
2005^5d0-30. 

Z. Mandd JS, Bond JH, Church TR, et aL Reducing mortality from colorectal 
cancer by Screening for fecal occult blood. Minnesota Colon Cancer Ccrttrol 
Study- N Engl J Med 1993^1365-71. 

3. Prom the centers /or disease control and prevention. Colorectal cancer lest 
use among persons aged > or = 50 Tears— United State*, 2001. JAMA 2003; 
2S&2492-3. 

4. Levin B r Brooks D, Smith RA, Stone A. Emerging technologies in screening 
for colorectal canccn CT colonography, immunochemical fecal occult blood 
teste, and a tool *crccjung using molecular markers. CA Cancer J Clin 2003: 
53:44-55. 

5. Osborn NX, Ahlduist DA. Stool screening for colorectal cancer: molecular 
approaches. Gastroenterology 2005;1?&192-206. 

6 * Swiransky U, Tokmo T, Hamilton SB. et aL Identification of ras oncogene 
mutations in me stool of patients with curable colorectal tumors. Science 
1992£5o402-5. 

7, Traverao G, Shubcr A, Levin B, et al Detection of APC mutations In fecal 
DNA from patients with colorectal tumors. N Engl J Med 2002346:311 -2D. 

B. Traverse G, Shubcr A. Olaaon L, ct ai Detection of prcadmai colorectal 
cancera through analysis of kecal DMA Lancet 2002^59:403 -4_ 

9. Ahlmiist DA, Matt KK, Harrington JJ, Cunningham JM. Norel use of 
hypermethyfatcd DNA markers in stool for detection of colorectal cancer a 
feasibility study. Gastroenterology 2002A22 SuppkA4Q, 

10. MuQer HH Oberwalder M, Rcgl H, et aL Methyktkm changes in faecal 
DNA; a marker for colorectal cancer screening? Lancet 2004,263:1293 -» 5 

II. AWau^DA,SkoleiskyJli&oyntc«i^ 

detection of altered human DNA in ateol: feasibility of a muMaarttct sassy 
paneL Gastroenterology 200C;119:121S-27. ' 



Cancer Epidemiol Bionwkers Pnev 200ft 15(6). June 2006 



22/06 07 1« 2 : Q7 FAX +39 02783 078 
- s^* * ■ — 



BBM 



0013 



Cancer Epidemiology, Biomarkers & Prevention 1119 



12. Boynton YLA, SimunerhayeB IC, AhJquist DA, Shuber AP. DNA integrity as a 
potential milker for stool-based detection of colorectal cancer. Clin Chem 
2003,49:1058-65. 

13. CaHstd D, Rcngucd C, Bocchinl R, Saragcml L, Zoll W, Amadori D. Fecal 
multiple molecular tests to detect colorectal cancer in Stool, CK* Gastro- 
enterol Hepatol 2003;1 J77-63, 

14. Kariya Y, Kate K, HaY»srox*H Y, Hi^wxo S, Ta*ui S, M^tsubara K_ 
Revision of consensus sequence of human AJu repeat*— a review. Gene 
1937;53:1-10. 

15. Schneider T, Osl P, Prices T, StockmgGr H, Sdittrtf WV, Qoanti£cnUoii of 
human Aha sequences by real-time PGR— an improved method to measure 
therapeutic efficacy of anb>metastauc drugs in human xcnotamsplants- Clin 
Exp Metastasis 20023*571-62- 

16. Zijlstra A, Mellor R, Pwuardla G, et aL A quantitative analysis of rate- 
luTuting steps in the metastatic cascade using human-specific real-time 
polymerase chain reaction. Cannr Res 2002^2:70 33 - 92_ 

17. Bruaael A, Sctnlgo P. Analysis of early human immunodeficiency vtnis type 
1 DNA synthesis by use of a new sensitive assay for quantifying integrated 
provtrua. J Virol 2003;77:10119-24. 



18. Olson J, Whitney DH, Durkee K, Shuber AP. DNA ataWHzanon la critical for 
rnaxmrigjng performance of fecal DN A- based colorectal cancer tests, Dlagn 
Mol Pathof 2D0^14:1B3-91. 

19. Dealer R, PietBch 5, Hertel 5, Muller O. A method for preparation of fecal 
DMA suitable for POL Nucleic Adds Res 1995^33800-1. 

20. T»^p^ q To TF, Ranaohoff DP, Itzkowilz 5H, Turnbuu BA, Rosa MB. CoJoxectal 
Cancer £hidy Group. Fecal DNA versus fecal occult blood lor colarcctal-cartccr 
screerung in an average-dak population. N Erud J Med 20043513704-14. 

ZL Ahkrulet DA, Sargent DJ, Levin TR, ef al Stool DNA screening for colorectal 
cancer; prospective muWcenteg comparison with Hemoccult Gastroenterol- 
ogy 2O05;l?fl-6^ 

22. Ahlquist D, Cameron A, Jett I Pearson R. Universal detection of 
aerodigtstive cancers by assay of nana pop tD tic human DNA in atooL 
Gastroenterology 2002^.10 SupptA855- 

23. bzkowitz SJandorf L, Uuman T, et al Stool DNA testing identifies patients 
with inflammatory bowel disease and dysplasia. Gastroentexoloey 2DQ5;12S: 
A567. 

24. Shanmugathasan M, Jo thy 5. Apoptoaia, anoilris, and their relevance tn the 
pathobioiogy of colon cancer. Pathol mt 200050273-9. 



Cancer Epidemiol Blomarkers Prev 2006,-15(6). June 2006 



22/06 07 l<2i»8 FAX +39 02783078 BBM 0014 

Gastroenterology Paginaldi2 




Register or Login j ~[ Password:^ 

Search |This Periodical for{] 



n Auto-Login | 



ARTICLE COLLECTIONS 

■ Gastroenterology and 
Hepatology News 

• Comments from the 
Editors 

• Clinical Challenges and 
Images in Gl 

• Imaging and Advanced 
Technology 

• Reviews In Baste and 
Clinical Gastroenterology 

• AGA Institute Position 
Papers 

• Selected Summaries 

• Print And Media 
Reviews 

» Correspondence 



Advanced Search - MEDLINE - My_Befi£n,t, Searches - My Saved Search* 



GASTROENTEROLOGY HOME 



CURRENT ISSUE 



ARTICLES IN PRESS 



PREVIOUS ISSUES 



ONLINE CME 



SEARCH 

gastroenterology 



CONTACT US 



JOURNAL INFORMATION 

• About Gastroenterology 
■ Article Statistics 

• Board of Editors 

• Editorial Board 

• Editoral Staff 

• Pricing 

• Email Notification 

• info for Advertisers 

• Press Embargo 



INFO FOR AUTHORS 

• Submit a Manuscript 

* instructions for Authors 

• Abstracting/Indexing 
■ Copyright Form 

* CONSORT Checklist 

• Permission to Reuse 

* Style Guide 



RESOURCES 



JOIN AGA 



SHARED SCIENCE 



SUBSCRIBE 



Volume 119, j£s,ue_5, 
Pages 1219-1227 (01 
November 2000) 



4 previous 



1 4 of 23 I 



Colorectal Cancer Screening by 
Detection of Altered Human DNA in Stool: 
Feasibility of a Multitarget Assay 
Panel 1 ****^ " 



Davfl A. Ahlgjjjs£ Joel E. Skolet skyj;, Kevin A. Bovntont , 
Jonathan J. Harrington,*, Douglas W. Mah qn,ey», William 
E^Pterceallt. Stephen N. IhibpdeayL Anthony P. Shubert 



► ABSTRACT 



FULL-TEXT PDF (242 KB) 



CITATION ALERT 



CITED BY 



RELATED ARTICLES 



EXPORT CITATION 



Email to a colleague 



Abstract 

Background 



Aims: 



Assay of altered DNA 



exfoliated into stool represents an intriguing approach 
to screen for colorectal neoplasia, but multiple markers 
must be targeted because of genetic heterogeneity. 
We explored the feasibility of a stool assay panel of 
selected DNA alterations in discriminating subjects with 
colorectal neoplasia from those without. Meth ods r 
Freezer-archived stools were analyzed in blinded 
fashion from 22 patients with colorectal cancer, 1 1 with 
adenomas >1 cm, and 28 with endoscopically normal 
colons. After isolation of human DNA from stool by 
sequence-specific hybrid capture, assay targets 
included point mutations at any of 15 sites on K- 
ms,p53 , and APC genes; Bat-26, a microsateltite 
instability marker; and highly amplrfiable DNA. 
IfeSEfts: Analyzable human DNA was recovered from 
all stools. Sensitivity was 91% (95% confidence 
interval, 71%-99%) for cancer and 82% (48%-98%) 
for adenomas ^1 cm with a specificity of 93% (76%- 
99%). Excluding K-rasfrom the panel, sensitivities for 
cancer were unchanged but decreased slightly for 
adenomas to 73% (39%-94%), while specificity 
increased to 100% (aa%-i qq%) Conclusions: 
Assay of altered DNA holds promise as a stool 
screening approach for colorectal neoplasia. Larger 
clinical investigations are indicated. 
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